Summary We found no difference in the rate of radiological hip osteoarthritis in the injured hip when comparing 349 patients with proximal femoral fractures and 112 patients with hip contusion. There was, however, a tendency for more osteoarthritis in patients with trochanteric fractures than in patients with femoral neck fractures.
Introduction
Osteoarthritis (OA) and osteoporosis (OP) are two common, age-related disorders that are associated with considerable morbidity. The relationship between OA and OP has been examined in both community studies and case series. Studies of adult twins have shown an association between birth weight and bone mineral density (BMD) [1] . The twin studies have also shown that lumbar degenerative disc disease is similar in many ways to OA with evidence that degenerative disc disease is associated with a higher BMD at the hip and lumbar spine [2] . Data from Finland have shown that persons with poor height gain during childhood have an increase in their risk of hip fracture several decades later [3] . It has been suggested that the presence of OA protects against osteoporosis-related fractures [4] [5] [6] [7] , and that there is an inverse relationship between the two conditions [8] [9] [10] [11] . A higher BMD and a trend toward a reduced risk of femoral neck fractures in patients with severe radiographic OA have been reported, but a significantly reduced risk of osteoporotic fracture was not found [11] . On the other hand, there are studies that have demonstrated a coexistence of the two entities. One study [12] found that OA did not protect against generalized primary OP. Glowacki et al. found occult osteoporosis and hypovitaminosis D in women with advanced OA [13] . In the Chingford study [14] , a similar increase in bone resorption was found in patients with progressive knee OA as in patients with OP. They measured the level of urinary N-terminal and C-terminal, type I collagen telopeptides, both validated markers of bone resorption. A lower bone mineral density has been observed in patients with trochanteric fractures than with cervical fractures [15] , and OA may give a trend toward a reduced risk of femoral neck fractures compared to trochanteric femoral fractures [4, 5] . OP is a silent disease until fracture occurs, while OA gives a gradual onset of symptoms. A possible way to study the relation between osteoporosis and osteoarthritis is to assess the presence of osteoarthritis in patients with an osteoporosis-related fracture, such as a hip fracture, and compare patients with a similar trauma, but who did not sustain a fracture. A study with hip contusion patients forming a control group has, to our knowledge, not been performed previously. We, therefore, wanted to assess differences in the rate of hip OA between hip fracture and hip contusion patients. We also wanted to evaluate cervical and trochanteric femoral fractures in association with OA.
Materials and methods
We performed a retrospective, case-control study on 461 patients, 349 hip fracture patients (cases) and 112 hip contusion patients (controls). Hip fracture patients admitted from November 2003 to October 2004 were registered prospectively in the hospital's fracture registry. Four hundred one hip fracture patients were identified. The exclusion criteria were patients aged <50 (n=31), patients with a fracture in bone with a malignant disease (n=6), patients with incomplete or missing radiographs (n=14) and high-energy trauma (n=1). This left 349 fracture patients for further analysis. The fractured hip was classified on the postoperative radiograph. Femoral neck fracture patients operated with arthroplasty (n=89) were thus not included on the injured side. Preoperative radiographs were not used because they generally were of poor quality, but mainly because an intracapsular hematoma and the displacement of the femoral head in femoral neck fractures could influence the classifications, especially the minimal joint space (MJS). For ten patients, we could not retrieve the anteroposterior (AP) radiographs of the pelvis postoperatively. This left 250 patients with available postoperative radiographs of the fractured hip. Ninety-six of these were femoral neck fractures and 154 were trochanteric fractures. Separate analyses between the fracture types were performed. All 349 patients had interpretable radiographs of the non-injured side. There were no statistical differences in the proportion of women or mean age between the patients with interpretable ipsilateral radiographs and the ones operated with arthroplasty. The control group was recruited from the hospital's administrative registry and consisted of patients aged ≥50 years admitted to our department with the ICD 10 diagnosis "contusion of hip" (S70) from November 2001 to October 2004. During the period in question, Ullevaal University Hospital served as a community hospital for about 200,000 people in Oslo. The organisation of the health system made it mandatory for all patients with an acute condition in need of hospital admittance-such as a hip fracture or hip contusion-to be admitted to the community hospital they belonged to by place of residence. A hip contusion was defined as a hip injury without fracture necessitating hospitalization. A stay of at least 6 h was interpreted as admittance. One hundred seventy-six patients were registered with a hip contusion. Forty patients were excluded due to previous arthroplasty on the contused side and 14 because of a previous internal fixation after a hip fracture. A further ten were excluded due to missing radiographs. This left 112 patients for further analysis. One of these had no radiograph of the non-injured side, and one had a previous total hip arthroplasty due to osteoarthritis on the non-injured side. AP radiographs of the pelvis were classified according to the grading system of Kellgren and Lawrence (K&L) [16] . K&L is a semiquantitative system using the radiographic features of OA (joint space narrowing, the existence of osteophytes, sclerosis and cyst formation), grading the osteoarthritis from 0 (normal hip) to 4 (severe osteoarthritis). K&L grade II or higher indicates OA. We also measured MJS, a quantitative grading system with a cut-off point of 2.5 mm or less as the definition of hip osteoarthritis [17] [18] [19] [20] . The grading was done by one of the authors (BR). The primary end point was the comparison of the rate of OA on the injured side as defined by either MJS or K&L between cases and controls.
Statistics
For comparisons between the groups, independent samples t test, chi-squared test and one-way ANOVA tests were used when appropriate with the SPSS version 16.0. The differences between the groups were reported as relative risk for dichotomous variables and mean differences for continuous variables. A correlation between measurements were analysed using the kappa coefficient for dichotomous variables and intraclass correlation coefficient for minimal joint space. P values less than 0.05 were considered significant.
Observer reliability
Twenty randomly selected radiographs were assessed twice with more than 1 year between assessments to estimate intraobserver variation. The mean difference between the measurements in MJS was 0.01 mm (SD, 0.23) and the largest difference was 0.5 mm. The intraclass correlation coefficient was 0.98. For the diagnosis of OA based on MJS, there was only one diagnosis that changed from the first to the second reading (kappa, 0.78). Similarly, for the diagnosis of OA, only one K&L diagnosis differed between the first and second reading (kappa, 0.84).
Results
The mean age was 80.1 years in both groups (p=0.97). There were 253 (72%) women among the cases and 80 (71%) in the control group (p=0.83). In the case group, there were 172 patients (49%) with a trochanteric fracture and 177 (51%) with a femoral neck fracture. When using both grading systems combined, 48/250 (19%) patients with hip fractures and 21/112 (19%) patients with hip contusions had OA at the injured side (Table 1, p=0.92). At the non-injured side, we found that 61/349 (18%) had OA in the patients with hip fractures compared to 8/110 (7%) in the hip contusion group using both classifications combined (Table 1, p=0.01). The same pattern was found using K&L grading and MJS, separately (Table 1) . In a subgroup analysis comparing the two fracture types, there was 14/96 (15%) with OA in the femoral neck group and 34/154 (22%) in the trochanteric group (Table 2, p=0.14). Similar results were found on the non-injured side (Table 2) . We also compared each fracture separately with the controls for the presence of OA and found on the injured side that there was no difference between cases and controls. Overall, OA for femoral neck fractures was 14/96 (15%) and for controls 21/112 (19%) When comparing OA as defined by MJS and K&L, the Pearson correlation coefficient was r=0.67 (p<0.01) on the injured side and r=0.72 (p<0.001) on the non-injured side. The Pearson correlation coefficient of the overall OA between the injured and non-injured side was 0.24 (p<0.001). Six patients in the fracture group, all with trochanteric fractures, and five patients in the contusion group, had bilateral osteoarthritis. Three patients in the contusion group had osteoarthritis only on the non-injured side.
Discussion
In this study, we did not find a difference in the prevalence of OA on the injured side in patients with hip fractures compared to patients with hip contusion. Hence, we found no support for the theory that OA may protect against a hip fracture. The relative risk was close to 1 with narrow confidence intervals for all comparisons, and the difference in mean MJS was very close to 0 (Table 1) . The relationship between OA and osteoporotic proximal femoral fractures is of special relevance to the ageing population because both conditions are common and both increase with age. It is of particular interest to investigate OA in the hip because it is often the only affected joint, suggesting that local biomechanical risk factors are important [21] . In this model, the fracture group represent patients with osteoporotic fractures and the contusion group represents patients with less osteoporosis, as their hip did tolerate a fall without fracturing. A possible explanation for the lack of difference in the level of osteoarthritis on the injured side may be that there are factors working in opposition. An OA may lead to an increase in BMD as a result of increased subchondral bone formation with stiffer bone, leading to mechanical stress on cartilage during impact loading and development of subchondral sclerosis and osteophytes [14, 22] . The protective effect of this against fracture may be outweighed by the effect osteoarthritis has on the hip in reducing range of motion, especially rotation and abduction/adduction, proprioception and muscle strength [6, 23] and thus increasing both the risk of falling and the risk of a fracture if a fall occurs.
When comparing the non-injured side, we found more OA in the fracture patients than in the contusion patients. The difference found on the non-injured side was unexpected, and no studies have, to our knowledge, previously reported this. Earlier studies have only investigated the injured side [5] . The results for the non-injured side should be interpreted with caution, as it is a post hoc exploratory analysis. However, a higher proportion of OA on the noninjured side in fracture patients may point to an influence on fall mechanics due to a stiffer joint with changed proprioception leading to a higher risk of fracture. The number of patients is larger on the non-injured side as we included the patients receiving a hemiarthroplasty for the analysis of the contralateral, uninjured hip.
There was a tendency towards more OA on the injured side for trochanteric fractures than for femoral neck fractures with an MJS in the hips with femoral neck fractures of 3.72 mm compared to 3.42 mm in the trochanteric fractures and a tendency towards more OA according to K&L in the trochanteric group (Table 2 ). This supports previous findings of less OA in patients with femoral neck fractures than in patients with trochanteric fractures and gives some support to claims that OA protects against femoral neck fractures, but may lead to a relative increase in trochanteric fractures [5, 6, 15, 24] .
The retrospective nature of this study leads to potential weaknesses. A selection bias is a potential problem with case-control studies. However, the cases were from our prospective in-house fracture register, and the controls were all patients with the diagnosis "hip contusion" from the discharge register, and thus unselected. The patients were recruited from the community hospital area and should be representative of the general population. A strength of our study is the use of a control group. Patients with hip trauma admitted to the hospital even in the absence of a fracture are probably frail, as most patients who contuse their hip will be treated as outpatients. The ones requiring admission may have previous hip pathology, such as osteoarthritis, which may be painful when traumatized. This, however, does not seem to be the case in our patients. The age and sex distribution in the control group was similar to the case group, and the selection of frail patients as controls suits the hip fracture patients well. A large number of excluded patients in both the case and the control group is a potential source of bias, especially the 89 patients with femoral neck fractures that were excluded from the analysis because they were operated with an arthroplasty and not available for measurements of osteoarthritis postoperatively. The quality of the preoperative radiographs of the fracture patients was not good enough to allow a precise measurement of the MJS or K&L classification. The rate of OA on the non- injured side, however, was similar in the patients receiving an arthroplasty, and we found no indication that they differed from the other fracture patients. Another limitation of the study was that neither the symptoms of hip OA nor the duration of symptoms were registered. Although a hip fracture is a typical "osteoporotic" fracture, as few as 40% may have osteoporosis [25] . The measurement of BMD in our patients could have further clarified the relationship between OA and OP. We have, however, used criteria for OA that are in widespread use and well validated. One investigator evaluated all radiographs, and a large number of hips were investigated. There was a good correlation between the two chosen types of diagnostic criteria of OA (MJS and K&L). The intraobserver reliability was also good. We present multiple tests and subgroup analyses. We could have restricted the statistical analysis to the main point of the study, i.e. only comparing the injured side of the hip fracture patients as a whole, with the controls, but we thought that the results on fracture type and non-injured side were worth reporting.
In the present study, there was no difference in the level of OA in patients with a hip fracture and patients who were hospitalized for hip contusion, hence the claim that OA protects against sustaining a hip fracture could not be supported.
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